Background: Current guidelines recommend that clopidogrel should be held for 5 days prior to coronary artery bypass graft (CABG) procedure. However, it is unknown if this recommendation should apply to robotic-assisted (rCABG), which is less invasive because it does not involve sternotomy and thus reduces the risk of bleeding. Objective: To compare postoperative bleeding for rCABG patients who were taking clopidogrel within 5 days of the procedure with those who were not taking clopidogrel. Methods: This was a retrospective cohort study conducted between January 1, 2012 and December 31, 2012 of consecutive patients undergoing rCABG. Patients were categorized into 2 groups based on whether or not clopidogrel was administered within 5 days prior to the date of surgery. The primary outcome measure was the occurrence of the Bleeding Academic Research Consortium (BARC) definition for CABGrelated bleeding. The secondary outcome measure was a comparison of chest tube output during the first 24-hour postoperative period. Results: A total of 136 rCABG patients were included in the final analyses. Of these, 39 (29%) received clopidogrel within 5 days of surgery. CABG-related bleeding using the BARC definition occurred in 26% of patients who received clopidogrel and 8% of patients who did not (P = .011). Median chest tube output during the first 24-hour postoperative period was also greater in patients who received clopidogrel (900 vs 735 mL, P = .002).
Introduction
Coronary artery bypass graft (CABG) procedures have been used widely since the 1970s to improve morbidity and mortality in patients with multivessel heart disease. 1 This procedure is associated with significant complications, including bleeding risks. It is estimated that even if a restrictive transfusion strategy were used, close to half of patients undergoing traditional CABG would require blood transfusions postoperatively. 2 This has led to the introduction of less-invasive techniques, such as robotic CABG (rCABG), which is fully endoscopic, with low rates of morbidity and mortality. 3 Compared with traditional CABG, this technique may be associated with decreased blood transfusions, hospital length of stay, and mortality. 4, 5 Because of their previous cardiovascular history, patients who require a CABG procedure are often chronically taking P2Y12 platelet inhibitors such as clopidogrel. After myocardial infarction (MI), clopidogrel has been shown to reduce the risk for subsequent MI, stroke, and death. 6, 7 In addition, P2Y12 inhibitors, such as clopidogrel, are routinely recommended after percutaneous coronary intervention (PCI) to prevent stent thrombosis. 8 However, clopidogrel use at the time of CABG may increase the risk for bleeding, transfusions, and need for reoperation. Given this risk, the American Heart Association recommends that clopidogrel should be held for at least 5 days prior to a CABG. 9 However, this guidance may not be necessary for rCABG because it is minimally invasive and is associated with less bleeding. This would enable the continuation of clopidogrel therapy during the preoperative period. Thus, there is a gap in the literature regarding the need for cessation of clopidogrel prior to rCABG.
The purpose of this study was to evaluate bleedingrelated outcomes in patients who had undergone rCABG. Patients who stopped their clopidogrel for at least 5 days prior to robotic CABG were compared with patients who did not stop their clopidogrel in the preoperative period. The primary outcome measure was the occurrence of the Bleeding Academic Research Consortium (BARC) definition for CABG-related bleeding. 10 The secondary outcome measure was a comparison of chest tube output during the first 24-hour postoperative period.
Methods

Study Design and Patient Selection
This was a retrospective cohort study conducted in a tertiary care academic institution in the United States. Institutional review board approval was obtained prior to data collection. All patients 18 years and older who underwent rCABG at the study site between January 1, 2012, and December 31, 2012, were included. Patients were categorized into 2 groups: those who (1) received clopidogrel within the 5 days preceding surgery (clopidogrel group) and (2) did not receive clopidogrel or any other P2Y12 inhibitor within 5 days preceding surgery (control group). The use of clopidogrel was assessed in the preanesthesia clinic or on hospital admission by an anesthesiologist or nurse.
Data Collection
Data were collected from the patients' electronic medical records and from a database of rCABG procedures performed at the institution, on standardized data collection forms. Prior to data collection, all fields and locations were identified in the medical record and the rCABG database to ensure consistency of data collection. Data collected included information on patient demographic parameters, comorbidities, anticoagulants and antiplatelets used in the perioperative period, transfusions (platelets, packed red blood cells, cryoprecipitate, and fresh frozen plasma), and postoperative chest tube output. In addition, postoperative and daily hemoglobin values were recorded. If several hemoglobin values were reported on any given day, the final value in that 24-hour period was recorded. Conversion from a thoracotomy to a partial sternotomy modality was recorded because this would increase postoperative bleeding. Also, the need for reoperation after closure of sternotomy for bleeding control was recorded.
Outcome Measures
The primary outcome measure was the occurrence of the BARC definition for CABG-related bleeding. 10 This definition was created based on consensus from academic research organizations from the United States and Europe, representatives from the FDA, and representatives from device manufacturers to standardize clinical outcomes. Based on this definition, CABG-related bleeding is said to occur if any of the following are present: (1) perioperative intracranial bleeding within 48 hours, (2) reoperation after closure of sternotomy for the purpose of controlling bleeding, (3) transfusion of ≥5 units of whole blood or packed red blood cells within a 48-hour period, or (4) chest tube output of 2 L within a 24-hour period. The secondary outcome measure in this study was chest tube output with the first 24-hour period after surgery. Outcomes in terms of TIMI (thrombolysis in myocardial infarction) major and minor bleeding 10 were also reported to enable comparison with other studies. TIMI major bleeding includes any intracranial bleeding (excluding microhemorrhages <10 mm evident only on gradientecho MRI), clinically overt signs of hemorrhage associated with a drop in hemoglobin of ≥5 g/dL, and fatal bleeding directly resulting in death within 7 days. TIMI minor bleeding is defined as clinically overt bleeding (including in imaging), resulting in a hemoglobin drop of 3 to <5 g/dL.
Data Analysis
Fisher's exact test was used to compare the incidence of CABG bleeding and other categorical variables between the 2 groups. Student's t test was used to compare normally distributed continuous variables between groups, and data were reported as means with standard deviations (SDs). Continuous variables that were not normally distributed were compared using the Wilcoxon rank-sum test, and data were reported as medians with interquartile ranges (IQRs). A logistic regression analysis was performed to adjust for baseline differences between groups. All statistical analyses were conducted in STATA 11 (StataCorp, College Station, TX). A 2-tailed α <.05 was considered to be statistically significant for all analyses.
Results
Study Patients
A total of 136 patients underwent rCABG during the study time period. No patients were excluded. The mean age of the cohort was 68 ± 11 years, and 89 (65.4%) were male. The majority of rCABG cases involved 1-vessel (n = 80, 58.8%) or 2-vessel (n = 51, 37.5%) revascularization on the beating heart via a small left thoracotomy. A few patients (n = 10, 7.5%) required a partial sternotomy approach.
Overall, 39 (28.7%) received and 97 (71.3%) did not receive clopidogrel within 5 days of rCABG. The groups were similar with regard to baseline demographic characteristics, with the exception of current smoking status, which was more common in the clopidogrel group (Table 1 ).
All but one of the patients in the clopidogrel group had undergone preoperative, staged PCI as part of a hybrid procedure. Clopidogrel is expected in these cases because it is strongly indicated early after stent placement. The groups were similar with regard to number of vessels operated on or type of rCABG used (Table 2) . Also, preoperative (within 24 hours of surgery) use of other antiplatelets and anticoagulants was similar between groups, with the exception of aspirin, which was more commonly used in the clopidogrel group and likely related to previous PCI in this group (Table 2) .
Outcomes
The primary outcome of CABG-related bleeding per the BARC definition occurred in more patients in the clopidogrel group than in the no-clopidogrel group (25.6% vs 8.3%, respectively; P = .011), as also seen by the odds ratio (OR) after adjusting for smoking status and aspirin use (OR = 3.4; 95 % CI = 1.2 to 10.1; P = .027). The clopidogrel group had significantly greater bleeding during the first 24-hour postoperative period as measured by median chest tube output (900 mL [IQR = 700-1340 mL] vs 735 mL [IQR = 490-980 mL]; P = .002) and by chest tube output adjusted for smoking status and aspirin use (coefficient = 319 mL; 95% CI = 39 to 599 mL; R 2 = 0.060; P = .026). A comparison of bleeding at other time points (intraoperative and up to 96 hours postoperatively) and hemoglobin levels are reported in Table 3 . The clopidogrel group had greater intraoperative bleeding and lower hemoglobin levels postoperatively, even though these were similar at baseline (Table 3 ). There were significantly more patients in the clopidogrel group who required intraoperative transfusions of fresh frozen plasma and platelets, with a trend toward more red blood cell transfusions (Table 3) . TIMI minor bleeding occurred in 3 patients in the clopidogrel group and 1 patient in the no-clopidogrel group (P = .071). No patient had TIMI major bleeding, such as intracranial or fatal bleeding. One patient in each group had a reoperation for bleeding. The median length of hospital stay was 5 days (IQR = 3-9 days) in the clopidogrel group and 4 days (IQR = 3-6 days) in the no-clopidogrel group (P = .137). Patients who had CABG-related bleeding as defined by BARC had a longer hospital length of stay (6.5 days [IQR = 5-13 days] vs 4 days [IQR = 3-7 days]; P = .005). All patients survived to hospital discharge.
Discussion
To our knowledge, this is the first study that examines the effect of clopidogrel taken within 5 days of a rCABG procedure on bleeding-related outcomes. The effect was consistent across measured outcomes, indicating greater bleeding with clopidogrel use. This included a well-accepted definition of CABG-related bleeding per BARC, 10 chest tube output, transfusions, and hemoglobin levels. Most research related to the perioperative use of clopidogrel is from studies conducted in patients with traditional CABG. It is recommended that patients with acute coronary syndromes be given P2Y12 antagonists, such as clopidogrel, because this has been shown to improve outcomes associated with MI, stroke, and death. 6, 7 Unfortunately, a subset of these patients may require a subsequent CABG based on their coronary anatomy. These patients taking clopidrogrel have an increased risk for bleeding resulting in reoperation and transfusions after a traditional CABG.
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This has led to a less-than-expected use of clopidogrel for acu te coronary syndromes. 12 The American Heart Association (AHA) recommends that when patients are referred for elective CABG, clopidrogrel should be held for greater than 5 days. 9 However, this is not possible for urgent CABG, for which the recommendation is to discontinue clopidogrel for at least 24 hours prior to CABG to minimize the risk of bleeding. Our investigation expands the concerns about the bleeding risks of clopidogrel by demonstrating that rCABG does not entirely circumvent this risk, suggesting that it should be discontinued for 5 days prior to the date of surgery. However, the less-invasive technique may reduce the magnitude of bleeding caused by clopidogrel.
In our study, there were more patients in the clopidogrel group who were also taking aspirin within 24 hours prior to surgery. Thus, it is possible that the increased postoperative bleeding in the clopidogrel group was also related to coadministered aspirin. However, after adjusting for aspirin use in our multivariate analysis, clopidogrel was independently associated with bleeding. In addition, in a recent large multicenter cohort study of more than 6000 patients, preoperative aspirin use prior to CABG was not associated with postoperative bleeding. However, patients with preoperative clopidogrel use had increased postoperative bleeding and reoperation rates. 13 The AHA recommends that aspirin should be administered to CABG patients preoperatively. 9 This is because studies have shown that aspirin use preoperatively has been associated with decreased in-hospital mortality in these patients. 14, 15 In addition, aspirin use in these studies was not associated with increased postoperative bleeding, need for blood product transfusions, chest tube output, or surgical re-exploration. Thus, it is reasonable that this recommendation by the AHA would apply to rCABG as well, and our findings were likely related to clopidogrel.
The study has a few limitations related to its study design. This was a retrospective, single-center study. Thus, the results are hypothesis generating and should be extrapolated with caution to other centers. These results need to be verified in larger prospective trials. It is possible that there were other unmeasured factors that could have influenced our outcomes. However, there was a large difference in effect between the treatment groups, and important variables that could influence bleeding such as demographics, medication use and procedure data were reported. Overall, the groups were well matched with regard to these variables, and multivariate analysis was conducted to adjust for baseline differences. Information such as dosing of clopidogrel prior to surgery was not available. This could also influence bleeding, especially if patients were given higher-than-standard doses. Postoperative hemoglobin values could have been influenced by transfusions. However, patients in the clopidogrel group had lower hemoglobin values even after receiving more transfusions. Thus, the difference in hemoglobin values between groups is likely conservative.
Conclusion
The use of clopidogrel within 5 days of rCABG is associated with greater postoperative bleeding and chest tube output. These data may prove helpful when considering the timing of rCABG in patients who are actively treated with clopidogrel. Future prospective studies are needed to confirm these findings.
